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Abstract 


T  Whole  tree  chips  deteriorate  more 
rapidly  than  do  clean,  debarked  chips 
and  present  a  greater  hazard  for 
spontaneous  Ignition  when  stored  In 
outdoor  piles.  To  prevent  Ignition,  the 
chips  can  be  stored  for  only  short 
periods  of  time  and  the  frequent  rota¬ 
tion  of  the  storage  piles  results  In 
high  handling  costs.  Drying  the  chips 
prior  to  storage  will  prevent  deteriora 
tlon  and  heating,  provided  the  chips 
are  stored  under  cover.  In  many 
cases,  the  costs  of  drying  can  be 
recovered  when  the  chips  are  burned 
for  fuel  In  these  instances,  drying 
and  covered  storage  Is  the  least  ex 
pensive  method  for  maintaining  an  In 
ventory  ot  whole  tree  chips  to  be  us¬ 
ed  as  fuel,  u 

Introduction 


Chips  produced  from  the  entire 
above  ground  portion  ol  trees,  bole, 


bark,  branches,  and  foliage  are  called 
whole-tree  chips.  Such  chips  are 
presently  being  used  for  fuel  In 
several  heating  and  power  plants. 
This  use  Is  expected  to  greatly  In¬ 
crease  In  the  near  future 
When  using  whole-tree  chips  as 
luel  or  as  pulpwood,  It  will,  no  doubt, 
be  necessary  to  store  some  of  the 
chips  The  rate  of  deterioration  ot 
whole-tree  chips  lit  storage  is  usually 
found  to  be  significantly  greater  than 
that  lor  clean,  debarked  chips  This 
Note  discusses  past  findings  on  pile 
storage  of  whole-tree  chips,  ad¬ 
vantages  ot  drying  lot  storage,  and 
relative  costs 


Background 


In  a  laboratory  scale  storage  study. 
Zoch  et  al  found  aspen  whole-tree 
chips  to  evolve  much  more  heat  and 
to  lose  ovendry  weight  six  times 
faster  than  clean,  debarked  chips 
(24V  Moran  reported  that  the  decay 
rate  for  mixed  hardwood  whole  tree 
chips  (mainly  oak)  stored  In  an  out 


side  pile  was  roughly  three  times  that 
tor  clean,  debarked  chips  (9)  Springer 
et  al  found  that  the  rale  of  weight 
loss  was  significantly  greater  tor 
southern  pine  whole  tree  chips  than 
for  clean,  debarked  chips  (ffl).  but 
that  the  rates  were  nearly  Identical 
lor  mixed  hardwood  (mainly  oak) 
whole-tree  chips  and  clean,  debarked 
chips  ( f  7)  However,  lor  both  pine  and 
mixed  hardwood  chips,  the  whole- 
tree  chips  evolved  significantly  more 
heat  than  did  the  clean,  debarked 
chips 

That  hark  and  foliage  are  responsi 
ble  tot  the  generally  increased  rate  ot 
deterioration  ol  whole-tree  chips  has 
been  demonstrated  in  the  studies  ot 
Gislerud  and  Gronlien  (4,5)  They 
placed  nylon  mesh  bags  containing 
toliage,  bark,  whole  tree  chips,  and 
clean,  debarked  chips  In  outside  piles 
ol  whole-tree  chips  and  determined 
ovendry  weight  losses  after  storage 
Weight  loss  during  storage  Increased 
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in  the  order  clean,  debarked  chips  ■ 
whole-tree  chips  v.  bark  •  foliage 
Foliage  losses  were  roughly  ten 
times  as  high  as  those  for  clean, 
debarked  chips 

Because  ot  the  increased  rale  of 
deterioration  of  whole  tree  chips  and 
the  associated  increased  rate  ot  heat 
evolution,  it  would  be  expected  that 
piles  of  whole-tree  chips  would  be 
more  susceptible  to  spontaneous  ig 
nition  than  similar-sued  piles  ot 
clean,  debarked  chips  That  this  is  m 
deed  true  was  demonstrated  by  a 
chip  pile  fire  and  a  subsequent  chip 
pile  study  at  the  Mead  Corporation 
pulpmill  at  Chillieothe.  Ohio  (M  In 
1923.  Mead  began  using  small 
quantities  ol  mixed  hardwood  whole 
tieo  chips  and  stoiing  them  in  the 
chip  pile  together  with  mixed  haul 
wood  clean,  debarked  chips  1  he 
whole  tiee  chips  weie  not  uniformly 
blended  with  the  clean  chips  but 
were  simply  spread  on  the  pile  as 
they  were  received  In  19,’ 4  the  quan 
titles  ot  w1’  'if  noe  Chip;.  ;  -  the  pile 
increase.:  substantially-  l!  was 
estimated,  howevei,  that  the  whole 
t  ee  chip  content  Of  the  pile  never  ex 
ceeded  8  percent  at  any  tune  Cue  to 
space  limitations  in  the  vvoodvaid  d 
was  impossible  to  use  the  chip-,  m 
the  oi dot  m  which  they  were  re 
ceived  C'-ns  at  thi  bottom  Here  in 
the  rule  to  is  long  is  18  month-,  i” 
.lanuary  I'1 '  -  r  set  ions  chip  (’■  e  fm 
[nose  in  t  I  ’  e  pile  al  that  H'"e  con 
tamed  ah. a  !  'V  -'00  toe-.  .->  ,;ie.  - 
etnps 

Mead  ha  *  nevei  expoi  -.-  sod  a  chip 
pile  tee  p  --v  op-  and,  m  an  etfoit  to 
i  'ideistnno  its  i  arises,  s-d  up  a  chip 
p  le  monitoring  studv  A  new  ctnp 
pile  contaminq  about  80  percent  mix 
e>1  hardwood  whole  bee  chips  and 
with  a  maximum  height  ot  about  90 
toot  was  constructed  and  tempeia 
tines  In  the  ('tie  were  monitored  with 
thermocouples  Within  10  days  ot  pile 
completion,  a  maximum  temperature 
ot  206“  F  was  observed  Tempera 
tures  then  decreased  and  leveled  oft 
at  about  13V  F  One  month  aftei  the 
lust  temperature  rise,  another  began 
At  41  days  attei  pile  completion,  a 
maximum  temperature  ot  21V  f  was 
observed  and  then,  after  a  brief 
pause,  the  maximum  temperature 
rose  to  239“  F  on  the  49th  day  Since 
chip  pile  temperatures  above  about 
180“  F  are  considered  to  indicate  a 
high  probability  ol  spontaneous  tqm 
lion,  immediate  action  was  then 
taken  to  cut  down  the  pile  and  use 


the  chips  This  pile  contained  only  90 
pel  cent  whole  tree  chips,  a  pile  con 
taming  100  percent  whole  tine  chips 
would  ho  expected  to  evolve  more 
treat  and  thus  teach  dangerously  Ingh 
temperatures  ever'  taster  From  this 
study,  it  appears  that  ('lies  of  whole 
tree  chips  or  piles  containing  sigmh 
cant  quantities  ot  whole  tiee  chips 
will  be  very  susceptible  to  span 
taneous  ignition  Based  on  this 
studv.  Mead  adopted  a  policy  ot 
using  whole  tier'  chips  on  a  fust  in 
fust  out"  basis  and  lequuinq  tliat  the 
chips  ho  stored  foi  no  longer  than 
days  1  here  are  other  published 
repoits  ol  spontaneously  ignited  rues 
occurring  in  chip  piles  containing 
barky  or  whole  tiee  chips  y’.n 
White  and  I'elnc.i  have  studied  h’o 
ouidno'  stoiage  ot  t'.uk  and  sawdust 
,i  id  ,  on,  aided  tti.lt  longterm  out'-.de 
storage  is  feasible  .md  nay  ho  ve-\ 
('tactical  then  to-  t  piles  wee 
howevei  so  .mail  tti.it  ode  tom 
peiatuies  remained  below  tin-  danqei 
ood't  i  ii. jer  riles  wo  ad  havo  n 
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aspen  cfii('-.  vvdf'  liolvi'lfiylene  film 
sfrowevl  that  it  was  possible  to  inhibit 
floating  and  dotoiioiation  undei  lab 
oratory  conditions,  vvlreii'  only  at'on! 

I  percent  oxygen  was  present  within 
tile  t  eclosuie  (o’l  With  4  to  fr  (reiceet 
oxygen  present  deterioration  was 
essentially  the  sarin*  as  in  the  open 
an  Maintaining  an  oxygon  level  at 
I  ('eicent  oi  helovv  in  a  I.uge  coveted 
.  tup  mie  would  probably  he  very  d-f 
fi.  u  :  due  to  tears  m  tfu>  tilm  caused 
t'v  tfie  wind  and  other  factors  Several 
\e.us  ago  a  iiumhei  of  log  storage 
P-ie-.  weir’  eve  1  with  black  poly 
ethylene  1dm  in  an  eltoit  to  preseive 
Hie  s  'lithe"-  pine  logs  t'v  estat'lislr 
mg  a  t  maintaining  anaoiohic  cendi 
tions  S'  d  was  humd  to  be  veiy  nit 
'  cut!  to  m.ii-’ta  -  oxygen  levels  as 
1  -w  .  t  pen  eel  One  o!  the'  test 
;  ile-  contained  u  pocket  of  al'o.  ! 
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Chemical  Treatment 
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fashion.  Covering  the  pile  using 
polyethylene  film  might  be  effective 
in  this  case,  because  it  would  only  be 
necessary  to  keep  rainfall  off  the 
chips  and  not  to  make  an  air  tight 
enclosure  This  storage  method  has 
been  considered  for  use  with  clean, 
debarked  pulp  chips  It  was,  however, 
thought  to  be  too  expensive,  since 
the  cost  of  drying  and  of  covering  the 
chips  was  much  higher  than  the 
usual  monetary  losses  incurred  in 
storing  untreated  and  unprotected 
chips.  Losses  due  to  spontaneous 
combustion  were  not  considered 
because  the  probability  of  spon 
taneous  ignition  in  clean,  debased 
chips  stored  according  to  accepted 
industrial  procedures  is  low  (10). 
Although  not  cost  effective  for  clean, 
debarked  chips,  drying  and  covered 
storage  may  be  cost  effective  for  the 
storage  of  whole-tree  chips,  espe¬ 
cially  those  to  be  used  for  fuel. 

Advantages  of  Drying 

In  recent  years,  the  advantages  of 
drying  wet  sawdust,  bark,  and  other 
types  of  “hogged  fuel"  prior  to  burn¬ 
ing  have  been  studied  (6).  Drying  the 
fuel  resulted  in  increased  heat 
release  per  unit  of  fuel  and  a  conse¬ 
quent  reduction  in  the  quantity  of 
fuel  required  for  a  given  energy  out¬ 
put.  When  flue  gas  is  used  for  drying, 
it  is  claimed  that  the  savings  will  pay 
for  the  capital  costs  of  a  dryer  in  just 
a  few  years  (11,20).  Drying  the  fuel 
also  results  in  several  additional 
benefits: 

Increased  furnace  capacity 

Increased  furnace  efficiency 

Reduced  quantity  of  stack  gases 

Reduced  particulate  emissions 

In  recent  tests,  the  steam  output 
from  a  boiler  was  almost  doubled  in 
going  from  63  percent  MC  hogged 
fuel  to  28  percent  MC  fuel  (6).  In  addi¬ 
tion,  particulate  emissions  from  the 
stack  were  reduced  from  about  0.3 
grain  per  standard  cubic  foot  to  less 
than  0.1.  The  flue-gas  flow  rate  was 
the  same  in  both  cases 

In  many  instances,  it  Is  cost  effec¬ 
tive  to  dry  wet  bark,  sawdust,  or 
hogged  fuel  when  using  these  wood 
residues  to  replace  fossil  fuels  in  ex¬ 
isting  boilers  modified  to  accept 
such  fuels  (6.27).  In  situations  where 
a  new  boiler  installation  for  burning 


100  percent  wood  residue  fuel  is  be¬ 
ing  considered,  the  economic  justifi¬ 
cation  for  drying  is  in  some  doubt 
(21.22).  Where  emission  control 
equipment  is  required,  installation  of 
a  dryer,  together  with  a  smaller  boiler 
and  less  complex  emission  control 
equipment,  will  probably  be  as  eco¬ 
nomically  justifiable  as  installation  of 
a  larger  boiler  for  burning  wet  fuel 
and  large-sized,  more  complex,  more 
efficient  emission  control  equipment. 

Thus,  when  considering  the  use  of 
whole-tree  chips  for  fuel,  it  wilt  pro¬ 
bably  be  profitable  to  dry  the  chips  in 
most  instances  prior  to  burning,  even 
in  situations  where  no  storage  is  con¬ 
templated.  Drying  costs,  therefore, 
need  not  be  considered  to  be  storage 
costs,  provided  that  the  stored  chips 
are  kept  in  a  dry  condition  To  ac¬ 
complish  this,  the  outside  stored 
chips  must  be  covered  or  sheltered 
from  rain  and  snow.  Shelter  costs 
will,  of  course,  be  a  storage  expense 

Protection  of  Chips 
from  Precipitation 

Wood  dried  beldw  its  fiber  satura 
tion  point  will  not  attain  MC's  above 
that  point  unless  wetted  by  water. 
Thus,  any  type  of  shelter  to  protect 
the  dried  chips  from  precipitation  will 
serve  to  maintain  them  in  a  dry  condi 
tion.  Any  type  of  rigid  structure  such 
as  a  silo  or  shed  is  several  times 
more  expensive  per  ton  of  stored 
chips  than  is  simply  covering  the 
chips  with  heavy  polyethylene  film. 
Based  on  published  data  (7),  it  is 
estimated  that  the  cost  of  reinforced 
polyethylene  film  for  covering  a  chip 
pile  will  be  about  $2  per  ton  of  dry 
chips.  This  cost  and  the  cost  in¬ 
volved  in  putting  the  film  over  a  pile, 
securing  it  in  place,  and  finally 
removing  it  are  true  storage  costs. 
The  installation  cost  for  covering  a 
pile  with  polyethylene  film  is  roughly 
estimated  to  be  $1  per  ton  of  chips 
stored  (ovendry  basis).  The  cost  of 
removing  the  film  at  the  end  of 
storage  will  be  somewhat  less.  Thus, 
the  total  cost  of  covering  chips  with 
reinforced  polyethylene  film  should 
be  somewhat  less  than  $4  per  ton  of 
chips  (ovendry  basis).  In  locations 
with  little  or  even  moderate  precipita¬ 
tion,  it  may  not  be  necessary  to  cover 
the  dried  chips.  The  influence  of  rain 
and  snow  on  uncovered  piles  of  dried 
chips  should  be  studied. 


Storage  Costs 

Any  power  or  heating  plant  re¬ 
quires  a  certain  inventory  of  fuel  on 
hand  at  all  times.  If  whole-tree  chips 
were  used  as  the  fuel  source,  the  re¬ 
quired  inventory  could  be  held  as 
either  dried,  covered  chips  or  as 
fresh,  moist,  uncovered  chips.  The 
tresh  chips  would  have  to  be  rotated 
frequently  to  prevent  spontaneous 
ignition.  Dry  covered  chips  could  be 
kept  in  storage  for  many  monlhs  and 
incoming  chips  sent  directly  to  the 
dryer  and  then  the  furnace.  Because 
fresh,  moist,  uncovered  chips  need 
rotation  every  20  days,  whereas  dry 
covered  chips  can  be  held  tor  more 
than  6  months,  the  cost  of  handling 
the  fresh  chips  will  be  greater  than 
the  cost  of  covering  the  dry  chips 
with  reinforced  polyethylene  film. 

In  1962.  Ritcey  made  a  survey  of 
the  costs  of  handling  chips  into  and 
out  of  storage  piles  (12).  The  costs 
varied  widely  from  mill  to  mill,  hi.! 
averaged  about  $0.50  per  ton  (ovend'v 
basis)  into  storage  and  about  the 
same  cost  for  removal  from  storage 
Allowing  for  increases  in  efficiency 
of  handling  and  adjusting  costs  up¬ 
ward  for  inflation,  it  would  today, 
undoubtedly,  cost  at  least  $1.50  to 
handle  1  ton  of  chips  (ovendry  basis) 
info  and  out  of  a  storage  pile. 

Storage  of  a  given  inventory  of  fresh, 
moist,  uncovered  chips  for  6  months 
180 

would  then  require  =  9  com¬ 
plete  rotations  of  the  chips:  the  cost 
based  on  an  ovendry  ton  of  inventory 
would  be  9  x  $1.50  =  $13.50  per  ton. 
Dry  covered  storage  tor  6  months 
would  cost  about  $4  per  dry  ton  for 
the  polyethylene  cover  plus  $1.50  for 
putting  the  chips  into  and  taking 
them  out  of  the  pile,  for  a  total  of 
about  $5.50  per  dry  ton.  Dry  covered 
storage  will  thus  be  the  least  expert 
sive  way  to  maintain  the  required  in¬ 
ventory  of  whole-tree  chips.  The 
maximum  time  that  dry  covered  chips 
can  be  held  in  storage  without  signifi¬ 
cant  losses  occurring  should  be 
determined,  as  storage  cost  will  be 
inversely  proportional  to  length  of 
storage. 

In  many  instances,  when  dry  chips 
are  burned  for  fuel,  the  drying  costs 
will  be  entirely  recovered.  No  drying 
cost  recovery  takes  place  when  dried 
chips  are  pulped  and.  indeed,  the 
dried  chips  may  cause  problems  in 


pulping.  Drying  and  covered  storage 
Is  probably  not  a  cost-effective 
method  for  maintaining  an  inventory 
of  pulp  chips.  The  greatest  monetary 
losses  in  storage  of  clean,  debarked 
pulp  chips  are  for  southern  pine 
chips  and  amount  to  about  $4  per  ton 
of  initial  ovendry  wood  substance  in 
6  months  of  pile  storage  (14).  Drying 
and  covering  costs  would  greatly  ex¬ 
ceed  this  loss  For  pulp  chips,  the 
best  procedure  would  be  to  pulp 
green  whole-tree  chips  immediately 


and  to  store  the  required  Inventory  as 
clean,  debarked  chips. 

Conclusions 

Because  of  the  danger  of  spon¬ 
taneous  ignition,  fresh,  moist,  whole- 
tree  chips  can  be  stored  in  outdoor 
piles  for  only  short  periods  of  time. 
Maintaining  a  given  Inventory  of  such 
chips  in  storage  thus  requires  that 
the  chips  be  rotated  frequently  and, 
as  a  result,  handling  costs  are  very 


high  The  ignition  hazard  can  be 
eliminated  by  drying  the  chips  and 
maintaining  them  in  a  dry  condition 
In  many  instances,  drying  costs  can 
be  entirely  recovered  when  whole 
tree  chips  are  burned  tor  fuel  The 
cost  of  maintaining  an  inventory  tor 
fuel  purposes  in  these  cases  is  thus 
simply  the  cost  of  providing  a  cover 
for  the  dry  chips  and  of  moving  the 
chips  Into  and  out  of  storage  This 
method  is  much  less  expensive  than 
frequent  rotation  of  moist  chips 
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